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K 8843 

CCrcXCTTVELY HEATING A SUnTEHRANEfiH OIL SHA1B 'JO 
CX&YTE PERMEABILITY AND SIKfiECUftrotf ITODCCB OIL 

This invention ralartes to raTowp-Hog oil. fxccn a subterranean 
oil shala by iman* of a ccavSuctivo heat drive prongs, More 
particularly, the invention relates to treating a relatively thick, 
and substantially ccapletely inpaflrneable subterranean oil ahals by 
1 means of oanductive boating ptcoaaa which bath creates a 

perraaable zona within a selected portion of the ni l shale and 
subsequently produces shale oil Uytaccarhons. 

A pfyrneabilifcy-aidad type irf conductive heat drive for 
prtyJucijng oil frcsn a subterranean, nil aha la waft invented in Sweden 

10 hy F.L)urjfyfctroem. That process, which wag invented about 40 years 
ago, was carncrcially ucb4 can a grail scale in tha 1940s. It is 
deecvibad in Swedish Patents No** 121,737> 123,136: 123,137; 
123,138; 125,712 and 126,674, in United States Patent No. 
2,732,195, and in journal articles such ass "Underground Shale Oil 

IT, Pyrolysis According to the Ljungstraan Method" f IYA \folmne 24 

(1953) No, 3/ pagas 119 to 123, and "Net Energy Rocovories Par ifre 
in Situ nielectrlc Hooting of Oil Shale", Oil Shale Symposium 
Proceedings 11, paqe 311 to 330 11978), Id the »«dish procaea, 
beat injection walls and fluid producing wells were oowpleted 

20 within a penreable near a -«urfaco oil ahale formation so that tJiero 
was loss than a threa-cnetre separation betuean the boretolen. The 
Jieat injection wells were equipped with electxxcal or other heating 
alcrooiits which >mrm sorxrninded by a nass of material, such as send 
or cement, arranged to transnit heat into tha ail ahale while 

25 preventing any inflowing or outflowing of fluid. In tha oil shale 
for which tite a*sdifih ptrcwacs was designed aid tested, thy 
paxmeabiiLity was such that, due to a eratingaua inflowing of ground 
water, a ccnttauoue parpirej-out of water was naaded to avoid 
wasting erwrgy by evaporating that water. 

30 With xeapwrt tn aubntantially oonpletely iiiparrneahle, 
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relatively cfcap and jslaidvcly thic* oil shale deposits, such as 
those vn the Piceance JiaMn in the Unites statoe, the posstfnlity 
uL utilizing a ccuductive heating prooaba for produeinq oil waa 
previously oaiaictered to be — according to prior tc^inqe and 
beliefs — wrwictnically urj£eaadhle. Far example* in tho 
ahcwe-idcntiiied OXl ShAlo SyupoBiura, the Ljujujatroem urocoaa is 
characterised cw a proces-i which ".^successliully re»jvwn»d shaLc 
oil by «nt€dding tubular electrical heating elcramts within 
high-^'ade* shale deposits, this method relied on ordinary tlianral 
diffusion for shale haati/ig, which, of. course, requriTea iargu 
tficiperratAira gradient a. 'fliua, heating *»s very nun-uniform^ months 
wore required to fully retort small roan- size blocks of shale. 
Also, Jtiioli haat energy was wasted in understating the chela reginn* 
bsyood the periphery of tt*i retartjpg zone mid overheating the 
shale closest to thH heat source. The latter problem is especially 
important ui the ca&e of Ttestem shales, since thenral erarqy i.a 
overhuarbad zones, cannot be fully recovered by di Ef ii-ri.an duo to 
d^dothortnic reactions which take place above aboMt $00 "C* fp*je 
313} . 

In *ufostantially impermeable types of relatively thick 
sulrterranean oil shale fornetionS/ tho creating and naiiitaining of 
a jrxmTOtfbiu itane throagh which ttte pyrolysic products can be flowed 
has been found tobaa severe problem. In uft Patent Kb* 3,469,376, 
it is stated (in cola. 1 and 2) that "There are two jncchariisir» 
involved iii the transport of beat thorough the oil ahale. Heat is 
transferred through the solid macs of oil shale hy conduction* Wye* 
hjoat is also tranaf erred by convection through the solid trass of 
oil shale. '£he transfer of heat by conduction is a relatively alow 
proosse. The average thermal conductivity and average tbenual 
dif f osivity of oil shale are aJxsit thoaa of a firebrick. The matrix 
of soijd oil shale has an extremely low perraability nuch, lite 
unglured porcelaJ.ru As a jx*»uit, the connective transfer of heat ix 
1 InHtsri to heating by fluid flows obtained in open channels which 
traverse the oil shale. 'fhcao flow channels nay be natural aixl 
artif icially induced f racturoc. . . * On heating, a layer of 
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pyrulyzed oil shale builds ddjfaoaiit the channel. Tide layer i.a an 
ij^rgnnic mineral matrix which contsina varying degrees of carton. 
■Jlie layer i* an evcr-oxpandarg hairier to heat flew firm the 
heating fluid in the channal. N 1fce patent is directed to a proceHu 
for circulating heated oil tf«ila--pyrol.yzing fluid through a flow 
channel while adding abrasive jxnrticlftfl to tJ'je circulating fluid to 
erode the layer ol pyroiyred oil shale haing fonrod adjacent to t)io 
channel. 

Although the thwmal conductivity and thorjKtl diffusivity of 
many auhterranoan oil ahales are, in fact, relatively aiasUar to 
Choao of unglajed porcelain and firebrick, US Patent No J, 2 37 ,689 
postulates that "a rapid advance of a iioat front" (Col. 3, line 7) 
can be obtained by exchanging boat fcwfcween the oil shale and. a 
nuclear reactor online fluid and describes systems Ear uaing such 
reactors either located an the earth' a surface or in tilt? oil shal« 
deposit. 

IIS Patant Ma, 3,2(H r 281 ttty* (at Ool. i, lines 3-21), "tha 
production of oil from oil shale, by haating tno shale by various 
nnsane such as ... an electrical reaiatance: heater . . . has been 
Atteovted with little finccuw, , ♦ . Fracturing cl the shalo oil 
prior to the application of heat thereto by in aita actrfaus tiara ox 
other means has been practised with little success because the 
shale Rw»lls upon heating with consequent partial or complete 
closure ot the fractxnra 11 . The paten* describe© a pracea* of 
sequentially heating (and thus selling) the oil shale, then 
injecting fluid to bydrauliealjy fractiiro the- swclLIpji shale , then 
repoat-Tj'/j tJxoaa steps until a hoat-*tafale fractare has bean 
propagated into a production wall, 

US Patent No* 3,455,383 de*earibee the aoOTBulatico of 
partially depleted oil shale fragments within a flow channel such 
as a hArixant^l fracture being held open by the ^reaanre of tJ« 
fluixS within the channel, the patent discloses that if the channel 
rcot t3 lifted to maintain a flow path above such a lay%r of 
cap3c*t«d shalo, the overlying formntiona must he bent and, without 
precautions , will band to an extent causing fractures to extend up 
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to the surface of tha earth* tttc patent ip directed to u proce** of 
IntennittonUy reducing the pressure an the fluid witMn such aa 
f racture to allow tha weight of the overburden to crush and compact 
the layer of depleted anale, 
3 In a significant portion Of substantially jiupcjrneable aiv3 

relatively thick oil shale- deposits, buch aa those in tha Ficaance 
Basin, a valuable resourco of alixniniuxn is present in the form of 
dawscnite. In US Patent NO. 3,359,97S, directed to reccvorinu 
aluminium value* f ran retorted oil shales whloh have baan mined cut 

10 from such deposits, it is pointed oat that, in a substantial 

absence of water, at ttai^xaratures of about U00 *P the daufcoriite is 
converted to crystalline sodium alurcinato. Such a water- £re« 
retorting can decompose dbLaulte in the shale- to produce carbon 
dioxide/ calcite, and tgagnesiuin oxide so that iraqnesium oxide 

] 5 conbinfiH with part of the silicon dioxide in the sliale, in a manner 
permitting a higher recovery of the alujaifiiura valuan by a leeching 
process. US Patent So* 3,502,372, directed to utilizing solution 
mining to recover daveonite« indicates that where tha pyrolyndls is 
effected by an aqueous fluid, such ail a team or the products of 

2Q underground* combustion, it tmiet be conducted at a low temperature 
and thus relatively elowly, to avoid converting t3ie dawsanita and 
othav soluble aluminium ccapounds to an insoluble material such as 
amlcitti. In US Patient to- 3,372,838, a similar relatively lew 
ten$eratura pyrolysie la alternated with infections of an aqueous 

23 alkaline fluid oontaiidng an acid-Insoluble chelating agent to aid 
in leaching dawecnite wit3\out fonrdng such insoluble: materials. 

The present invention relates to a proca sa for conductively 
lieating a aubteiian aan oil shale fionmtion in a manner arranged tor 
p ro d uc ing oil from a subterranean oil shale fuoat ico vhlch is, 

M initially, substantially impermeable. Jn floaardance with this 
iiwmtioa, the portion of oil shale deposit to be treated is 
selectud, on the basis of tha variations vith depth in the 
ccncceition an properties of its oompanente, to have properties 
capable of intecaeting in a manner which enhances the uniformity of 

35 the heat front* to an extent limiting tha tine «rtd energy 
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uxpeadituras producing tha oil to values equivalent to leas than 

the value of the oil which 1* produced. The selection of the 

treatment interval i» based on the gr*d« and thickness of the 

portion of oil shale deposit to be treated and the enhancement it 

provides amount* to reducing the aiaount of heat energy lost duo to 

exothermic side reaction* and increasing the amount of oil 

recovered from a given grade o£ oil shale* 

In accordance with this invention at least two veils are 

completed into a subterranean oil abale treatment interval which 

la substantially irapermeahle, contain a substantially no Mobile 

water, is at least about 30 a thick, la capable of confining fluid 

at process pressure, at leatt substantially wrUhin the treatment 

interval, and contain!* a grade and thickness of oil shale such 

that the average grade In gallons of oil plus gas aguivaleot par 

ton by Pisoher fliraay la at least about 10 and the product of tha 

grade time* the thicfcnaes in outre* of the oil shale? la at least 

about 30 0. 

Thus, the present invention provides in a process in 
which cil is produced fron a subterranean oil shale deposit by 
extending at least oris each of heat-injecting and fluid-producing 
wells into the deposit, establishing a heat-conductive fluid- 
impermeable barrier between the interior of each heat- in jecting 
well and tha adjacent deposit , and then heating the Interior of 
each heat-injecting veil at a temperature sufficient to 
conductive ly heat oil eh ale kerocen and cause pyro lysis products 
to form fractures within the oil shala deposit through which the 
pyrolyais products are displaced into at least one production 
vail, an iaproveaent for enhancing the uniformity of the. heat 
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fronts moving through the oil shale deposit, which comprises r 

determining variation* with depth in the composition and 

properties of the oil shale deposit; 

completing said heat-injecting end fluid-producing wells 
selectively into a treatment interval of oil shale in which 
the oil shale deposit (a) is at least about 30 m thick, (b) 
le substantially impermeable and fires of mobile water, 
(<;) hae a composition, aud thickness such that the product of 
the avezage Fischer Assay grade tiaes the thickness of the 
treatment interval is at least about 900, and td) thereby 
contain* eonponenta capable of interacting in a manner 
enhancing the uniformity of a front of conductive!/ 
transraittad heat, with said wells being arranged so that, 
at least substantially throughout said treatment interval, 
the well boreholes are substantially parallel and are 
separated by substantially equal distances of at least 
about 6 m; and 

within the interior of each heat-injecting well maintaining 
an average temperature which, selectively along said 
treatment interval r is at laast about 600°C, but ia not 
high enough to thermally damage equipment within the well, 
while heat ia being transmitted, away frost the wall at a 
rate not significantly faster than that permitted by the 
thermal conductivities of the earth formations adjacent to 
the heated interval within the veil. 

In a location in which a subterranean oil shale may 
contain portions vticb axe generally suitable for use as a 
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treatment interval (as described ebova) but are apt to be 
permeated by substantially disconnector natural fractures antfyor 
Planes of weakness as veil as being located near boundaries of the 
oil recovery pattern and /or near a potentially active aquiler, the 
operation or the present process can advantageously be combined 
with a use of "guard wells" located near the periphery of the Dil 
recovery pattern and/01; between a production well and an aquifer. 
Such guard wells are extended at least substantially throughout 
the vertical extent of the treatment intervals end the adjacent 
forwatlona are initially heated by thenaal conduction in a manner 
similar to that enployed in the heat- injecting wells, except that 
the guard wells are heated at temperatures which are too low to 
gasify significant proportion of the oil shale organic component a 
but are high enough to cause a significant thermal expansion ot 
the rock matrix ot the oil shale deposit. 

in some instances, it ft ay be desirable to maintain soch 
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relatively lev trarperatiu-e guard vol! tiHactipg throughout at: least a 
substantial portico «f the shale oil risoovery prncesa. In other 
instances, aftur cm initial relatively low teafcairature heating of 
the guard vreils, it my «*/ontageousi to Ileal guard wella ut 
5 about the temperature oc loo ted for the heat-injecting rails r iu 

orcter to expand thn pattern of vwoJla from which oil is displaced by 
thermal ccrtductian. 

as used herein x^gordLLng the grade of the portion of oil shale 
to be treated* the "average grade in gallons per too by Fischer 

10 Assay" rnfiera to the following: The detroidnation is ox is 

equivalent: to a dntarndnAtinei conducted substantially a* d-scribed 
in the fS$m standard Tfest Method 11 3904-60. Crushed raw shale ie 
sampled by riffle-splitting. The detanirination of tbo amount o£ uil 
plua gas eqniva.uayt available!- fruro criJL shaJe is made by heating tbo 

13 raw shale iru.u ambient Den^peraturc to 500 a C in cast algininiuw"- 

alloy retorts. The vapours distilled from ths santpl* are cooled and 
tha oondenoed fraction is onllecteii. The oil. and rater fractions 
are ©a^arated, the rater voIum tonm<terfced to weight equivalent) ifi 
maa&ared and subtracted from tho oil plus water weight » 'Die weight 

20 of imcondojisabifi evolved <gas^plus-losa) ia then calculated 

by difference, the grade, a* used in the "grade times thickness in 
metre* of oil shale" product, ia the gallons of oil plus 
]^ydrocarbon gas equivalent corresponding to the total weight u£ nil 
plus hydrocarbon gas evolved by the hRattag, 

25 Tha we.Ua are completed into tlie treatment interval and ar« 

arrajigod to prwide at least one each of heat-injecting and fiuid> 
pcroiucing wells having boreholos which, BubatantiaUy tJhroaghout; 
the treatment interval, are substantially parallel and are 
separated by substantially equal dietancefi of at. least about 6 m. 

30 To euuh liaot-injecfcing well, si&starctially throughout, the treatment 
interval, tho weil-surxoonding face of the oil shale f ormat ion iu 
sealed vith a solid Jtatorial and/or cement whteti is relatively heat 
condnotivw and substantially fluid iotpetmblR* In each fluid- 
producing wll, substantially throughout tho trea trait interval, 

Sb fluid ouuiflu ligation ia Asbablisbed botuoon the well barehole end 
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ttm oil ehale Tarnation an J ttw weU is arrango! lor pixxiucing 
fluid tram the oil shalo forination* The interior of each. 
heAt-inj acting wJl is ho&ttid, at least subetantially tfirooghcut 
tlie treatment interval, at a rate or rates capable of (a) 
increasing tha tanpnrfftore within the borehole interior to at least 
afcwut 600 °C and (b) maintaining a borehole interior tenparature of 
□t least about 600 °C without causing it to baccara high enmgh tn 
thermally damage equipment within the borehole while tJie rate &t 
which boat i» generated in the borehole is sabatant3*31y equal to 
that permitted by the heat ocwluctivity of the oil bhale fon m ti an. 

In a preferred onfaodiftent of the present process* the mterial 
for scaling tha face of ttie oil fihalu formation along the borebaio 
of at least orb haatMn^ecfcing well la a closed hottrra rfwing 
grouted by ccansat arranged to fiU substantially all taf tha spa::* 
between each outemrjit imtallic' elenem present: within tho. interior 
of th? borehole and the adjacent face of tha oil shale formation, 
with said cement having a thermal conductivity at laajit 
aifcetantlaily as high as that o± the oil shale formation. 

Efeteoiinatianc an* made of variation? with depth ill tha 
caipasition and propsrties of the oil shale deposit and, in a 
particularly preferred procedure, haead on the. variation with depth 
in the heat conductivity of the oil shale dBpceit, tha heat- 
injecting well? axe l&etfid so that relatively higher cesgeraturofi 
are applied at depths adjacent to portion* of tha oil shale deposit 
in which the heat conducfcivir.y ig relatively lew. In addition, or 
alternatively, in various situations, the effective radius of at 
least one heart-injecting well is increased by creating an expanded 
portion of the veil boxoiiole and extending haat-ccodacting metal 
elements from within the heated well Interior to near the wall of 
the expanded portion of the borehole* 

Tha preaenb process is valuable for use «dthio a treatment 
interval of oil shale Which contains other valuable adnsraln such as 
dawsonice and/or nahcolite^ In such a situation the present pecoass 
creates a peracablu. tcooa which ia selectively located, within tJie. 
treatment interval and substantially within toe Jxundarics of tho 
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v«Zl pattoru used .tor the oil production* The resultant vxfrucabls 
zone U a zcooa from which sadn ot.1"»er minerals can ha anlntion- 
mined* 

In general, tJie preaaot invention is applicable to 
substantially any subtcrranaan oil .iha1* deposit occrtainir^g nn 
interval of BUbatanHany iiiq»jn«a&ls: oil shaJ« which is 
subsmuially frco of mobile water, is irorc than .ibrait 30 ra thic*, 
and has ail adequate averaq* grade in gallons per tua (Fiacher 
Assay) to give a grado-thickm*** product, of about 900 or greater* 
Ths avorag* grade of the heated Interval should be greater Uian 
about 10 gallon* p«r tan (Fischer Assay) . Within thaea lim.tationc, 
a hicjhsr grade- thickness product is inc>rea3ingly desirable if other 
conditicma cunh as depth remain tha same. 

invention vrill new be explained in greater detail with 
^reference to the aoooopanying drawings, in uhichs 

Fignra 1 shows a plot of relative rate of return (RRJ for 1982 
US dollars invented in installing and operating the process of tha 
present invention, a? a function of oil shale grade-thioknc35 
(GCTIJ product, tz> produce shala oil art its 1982 valvw, 

Figuxe 2 illustrate* a plot of thsmal profilofl at an 
db&arvation wall regarding temperatures maaaured at different 
depth* (D) and tismm within that wall. 

Figure 3 is a plot of the radial tharnal profiles at tha 
middle of a heated rono aft or different tixnea of heating. 

Figure 4 ia a plot of thennal corductivitifie parallel and 
p££rpendicular to the bedding planea of an oU shale as a function 
of tenpcr&ture. 

Figure 5 is a graph of Fischer Assay yiald with dspth (D) in 
and above a heated paction of subterranean oil shale. 

Figures 6 and 7 axe plots of horizontal and vortical 
tanptscature profiles within a heated portion of afcfcerranaan oil 
shala fbxnation. 

Figure 8 ie a echeeatic illustration u£ a portion of a veil 
cccnp lotion arrangjewvnt sol table for practising tha present 
invention- 
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wZl pautcm ustai for the* oil promotion* Tha resultant pcrucabla 
zone- in a zona front whicb acrii otJ^cr mineral* can ha anlntlon- 

In general, th© present invention ie applicable* to 
substantially any subtctxtmaon nil .qhal* deposit containing ,m 
interval of HUbatanHany inqpertnteable oil aha3« which is 
substantially frco of nohile water, is irore than .ibnut 30 tu thi.cfc, 
and hag an adequate average grade in gallons par too (Fischer 
Assay) to give a grado-thicknaiw product ot about 900 or greater* 
The average grate of the heated Interval should be greater tiian 
about 10 gallon* par ton (Fiedler assay} . Within thaea lirattationc, 
a higher grade- thickness pocodnct increasingly desirable if other 
conditions cue* as depth remain thu sane. 

invention vrill new bo explained in greater detail with 
y^ferssnce to the aooccpanyxng drawings, in which* 

Figure \ shows a plot of relative rate of return {RRJ for 1<J82 
US dolloza invested in installing* and operating tto process of tha 
present invention/ a? a fwiction of oil shale grade-thicfc£iC35 
(GOTH product, to produce shalG oil at ita 1982 valas. 

Florae 2 illustratttft a plot of thermal prof 11 re at an 
observation well regarding temperatures measured at different 
depth* iO) and time* within that wall. 

Figure 3 is a plot of the racial thanud profiles at tha 
middle of a heated tone after different tinea of heating. 

Figure 4 ia a plot of thermal conductivities parallel and 
perpendicular to the bedding placiea of an oil shale as a function 
of tcapcrature. 

Figure 5 is a graph of Fischer Assay yield with depth (D) in 
and abowa a hearted portion of suboerrsnean oil shade. 

5 igurcs 6 and 7 are plots of horizontal and vertical 
tenrpacature profiles within a heated portion of subterranean oil 
shale formation. 

Figure 8 i* m echeaatic illustration of a portion of a «eJl 
ccoplotion arranojewpnt to! table for practicing tha preaent 
invention. 
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car aand p T/nrngstrosni teach** that tha in «itu heating ana 
pyrolyjing should )» dona in a portion of t)u» ijnparn^ablc formation 
which io vertically oontiguoua to a well- inter uurractiiiq fracture 
or a layer Uiich hoB different goolooicai character and ia 
5 permeable to flow of the fluid product* of the heating or 
pyrGiyaia, 

Contrary to the implications of such prior teachings ar.rt 
beliefs, Applicants diacovorad ttsat tho presently dsscrdbad 
ctxiductive hasting process is ooonaaically feasible for use in a 
Ifl substantial ly irrpentteable subterranean oil aha la. This is not 

obvious, particularly in view of the fact that the present process 
uses a much larger well spaaing than that irsod in tha Swdlsh 
process and tha preaeait precefce is cendnctad by heating the 
injection wells to tsrtperatures of at laaat about 600 6 C 1 although 

15 600 *C has bean said to bu conducive to an feconartacaJ]y untenable, 
teat- wast log, erjdothezmic reaction j see the Oil Shalt* 9ynporopm 
Prrx^edings mentioned above) . 

By means of laboratory and field teat meaaurartaita and 
mathematical models of the present: prooaaa, applicants have found 

20 tJiat whan tha \0ell5 are spaaed, completed, and operated as 
presently Ascribed, the only region in which heat energy ia 
utilized 111 an ettdtotharmic reaction- amounts to leas than about 
of tha area to he heated, and tha energy lost in that fashion is 
inBlgnifioaatt- Applicants have measured the rate at which 

23 substantially iupGrmaabla oil shale formtiona axe heated )y/ 

conductivity ff and have datfertotirjed tha amount of boat required for 
pyxolysing karogan and thermally pressurizing the pyrolysia 
products to pressures capable of fracturing a ralativtely deep oil 
shaiLe tarnation, acid thamally displacing pyrolyaia prodncts through 

30 tha ao-created penaability. 

Tha data obtained by such rwsa&irenenta in the field and in tha 
laboratory hoi* baan employed in calculations of power reojulro- 
menta, economics, tin to start production, project duration* 
amount of production, ate., in mathematical sljruLatian* that 

35 cccrelais wittl tho £iold and laboratory data and indicate the 
(naoni-todaa of such factors in respect to a full seals pmras. 
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Those calculations indicate thitt ti» presently ctefiwl process i* 
tha only shale oil. production jnxxxraa of wht.ch ayylicantfi arc wore 
which is capable of ecuianically obtaining oil frcm a relatively 
lew grade oil whole formation, such as oka in which the Fischer 
Assay ia only 15 gallon* or lese per tan. This capability can 
incrcaesi tha petroleum res~rvoa of a aigivi Ficnnt proportion of the 
oil stole londn by a lactor of six. In addition, with respect to 
processes for uodeitjrouiid mining and atxlified in aitu retorting al 
oil -HhaJe, tho preeent process Rignifianntly .ijy^edrcsi tha anewnt 
of available resourcee by eliminating the tar support pillar* 
and iwtarburdan between nujiing zona* and by providing a means for 
treating snbfitantUlly all of a very thick uvterval of oil shale. 

The present process can advantageously be applied to an oil 
abate Carnation in which there in significant onmzentraticn o£ a 
minaral such as aawoonifca or nalwoli-na. In such a formation the 
proottflfl provide* a pexneable zona from which such a mineral can be 
recovered. In addition, the i^naa en t process is particularly 
adya ntags c ne jjn converting datWBonite to wator-sgluble cctrpDUnda of 
aluminium (probably rho-alununa) which have been {both chemically 
and physically) itade available for solution-mining to produc* the 
aluidniiOT — an aaaential notarial which is in snort supply wiririn 
the United States. In contrast to many previously proposed 
processes, tha process of the present Invention require sub- 
stantially i» water, involves mniiKal lard disrupt ion,, and can ba 
conducted with minimal atrosphoric pollution. 

Figure 1 shews Che relative rate of return for US dollars 
invested in installing and operating the pr e se nt process in field 
3£pli nations that hav* boon matharaatijoally nodal!] ed frao data 
obtains^ by field and .laboratory nnajvurexents. 
HViMPLE 1 

A oyriAtt of injection and production wall* is drills into an 
oil shale fcorufcinn 48 a in thickness with 170 n of overbartten, Tha 
average- oil grade of the interval la 20 gallon* pnr ton as detcr- 
mliKid by H seber Anay* 

Tne well pattern i* a savon-spot with each haat injector at 
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tha comer, of a regular hexagon surrounding a oontral producing 
well. Tha spacing is 22*5 a bsttween producers and injectors. The 
pattern repeats with producers sharing tha ioi«ctnr?» in east) 
direction and uontinuAs Co torro a field-wida pattern capable of 
5 producing a large quantity of oil. the injector-to^prcxiucftr ratio 
approaches 2 to 1 io a laxga fieJd. Tn Ebranple. 1 the total oil 
production La 23 r O0O burcela par day througnojt the lift* of tluu 
project. 

Tto injection weUs electrical haaterA ara twnwnted into the 
JO formation and oonnaztad to a power source on tha surface. Tha 
production walls are otnjlpped.with standard oil field puirps for 
lifting the produced oil to the. turfaca* Vnm electrical injection 
rato is 3*23 x I0 f ' WTV/toU per day. Tha tertt^ratuxe of the 
injector* attain* 730 *C, 'ihe prodoction walls reach a terminal 
15 tsnparacura of 300 *C after 33-54 year* of operatic^. Production 
over thia period averages 5-6 barrels/day par wall, with the 
average nuntfoer of active producing wells baing fro* about 40QQ to 
5000* float conauitption la 1.1 x 10* HJU/barrel of Lixniid oil 
production, 

20 Gaaecus products collected fron tha production wells ray be 

u&xl for cm-aite generation of cloctricity or other purposes. Tha 
oal-phaao potrolcu* which la «o prodoced is superior to con- 
ventionally- retorted dials oil. Ifce relative rata of return whi^h 
can be expected from tha Kfcanple 1 situation is illustrated by tha 

?3 "Ex. l n Situation dssignatian cm Fignre 1. 
KttWLS 2 

A saries of injection and production wells are drilled into an 
oil shale fonration Z2S m in thidenesa with 300 n of overburden* 
The average grade of tha oil shale interval is 26 gallons par ton 

M) aa deterralned by Fischer assay. 

Thn wall pattern is tiie sane soverwpot described is Ocanple 1 
except tiie apaciog; is 13.5 a between vails iTWfiad of 22.3 m. Total 
prodoction is 23,000 barrels/day txouqhout tha lifie of the project* 
The injector to producor ratio still approaches 2 to 1 ♦ In tha 

J3 veils, the heaters aod production aguipaant arm idmilar to those 
described in »ssbbj>1a U 
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<*J Metrical injection rat* is 10. S3 x 10 6 BTO/weil par day. 
TVuj i/i-jwti/xi well taieorituiBK r«**i 750 *c and the productirj* 
wella reach a final tenperature of loo "c after a piccfciction life 
of 9-10 ycura. Prodoction over this pariod avaragss 42-43 
barrel ?./<fc*y per well, with the average number of active prorinrdng 
wells being about 600. The heat ccxmwptioi* 5,6 y io 5 TmVbarrel 
of licand oil prodDOOcL 

As in £atairple l", gaseous products can be used for ocwiitu 
power gcaieration or other purposes and the liquid product vriJJ )>c 
higher in quality than conventionally retorted shale oil* Thy 
relative rata of return wtiieh tan be expected is ilZu&itruted by the 

2" situation designation an Figure 1* 

Table 1 lifita c\:ntoinatiane of oil p shale grsda* , thickness 
and grade-Chicknccs uroducte which are generally suitable for i*w 
in the present process. Ttitt relative po»iti.co-i of such grade 
thicknoss products vith respect to the relative rates of financial 
return are illustrated by the designation* "Praferr&d Range" (P.RJ 
and "Especially Preferred Range* fB.P.fl.J on figure i. 



cSrarte {gallons/ too) T hijdtnesg (a) Qran» x Thickness 

30 30 900 

20 45 900 

10 90 900 



More desirable grade thickness ex&ffplee axe snow as folicwa: 

Grade fepiilone/tan) ^ucXnoca (m) Grade x Thickness 

30 l!iO 4500 

25 60 isoo 

20 300 600D 

15 fiOO 9000 

JO 225 22S0 



20 



Io general, the higher the grade thlckrrea product the more 
d&iiruble. The practical application io Limited only by the ability 
to haat the deelred interval. 
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Field fleet Hflagurananta 



•Pasts wars conductad in an cacciqpping of *n oil shale 
formation which is typical of aubntantialiy inpttixreable aivi 
relatively thick oil shaic dapoaite- Thirteen borubolea were 
drilled to daptha between 6 and 12 in and *k»t* arranged to provide a 
pattern erf beat-injectim, observation And fJUiid-procluction walla, 
with the boreholofc being spaced About (LG a apart in order to 
provide a relatively rapid acquisition of data. Haat wan .injected 
at a irate of about 1000 watt* par netre for five day*. After the 
heat-in jeetioft wall temperature had reached 450 *C r a tewptoxatura 
fail-orX test was run for ar» day. 

Figure 2 shewa the vertical therral profiles in an cfosexvation 
well, as a function oC tixnc. The data wae fitted to a uatheoBfcical 
solution Ascribing the tetnparature dintritatixan around a 
finite-length liny noorna inside" a radium of thaxnal conductivity 
(parallel to beddlwj) 3.25 TncaL/cJv-aec-*C and thronal rarjdactjvity 
Iparpondioular) 3.25 mofO/ctt-sttc-^C* <r*e specific Jieat capacity 
utilized in the calculations was computed f ran the thermal 
cxanductivity, thermal dif fosivity , and averaga bulk density of 
ooceB recovered during drilling- of the nolle. The thennophysical 
properties foe the tha oil bliala in which tha tests ware conducted 
are sunrnarisad in Xable 2 • 



Figure .1 aha*!* radial profile* confuted far Che middle of the 
Ivaated 2ca*> fbr various beating tine* ft} * At the end of a 
tanperature build-up test of 140.5 hours, tha average fenratian 
tenperatUKO but*een the heater and observation well warn 120 °C. 



TftBLS 2 



Initial Kescrvoir TtKupexatiir*- 
Fiedler Assay* 

Bulk Density i 
Thermal Diffuaivity: 
Specific [Icat Capacity: 



20 gallon/ ton 
2. 2D gm/ari 3 
6.6 X 10" 3 cm 2 /aec 
0.224 oal/gra °C 



9.8 *C 
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Figure 4 shews a octnpartson of iaboratcjry values xnti field 
data relative to tte thsrnetl oanductivity parallel tn and 
perpendicular to the bidding pianes of: the oil shale formation r as 
a function of tsuqperatuxe. Tha laboratory conductivity inoasureinants 
5 were nadc an adjacent &«npl^a «f cores fran tte abaervatioD vjcII, 
iwing sowe corct cut parallel to and name cut perpendicular to tta 
bedding planar A rvi trogan^tnofcphere was used to eliminate 
oxidation reaction* Tha samples were constrained in tha vortical 
direction hut ware free to expand radially* After the saaplo? were 

10 heated to BOO *C f tha radial expan felon averaged \.45%. As shown in 
the figai.w, the laboratory value* ore in excellent agreenenr. with 
t2i£j values ocxipated from the field data* The t***t* indicate that 
the. therml oortdbctivity in low in tha direction pcryofitHcular to 
the bedding plraa, because kerooan layers have a lower conductivity 

I.S than tha dolomite ratrix. At 1*apcjca±ures below ICQ "C, the tharrae-S 
conductivity in eesientialiy isotropiCi as observed In the fiold 
tests. Biit^ that conductivity becomes increasingly anisotropic, as 
the kerogen is renewed (at tftiper&tures between 300 and 400 *C) and 
gas begins to occupy the 8 paces between the layere, Above 700 *C, 

2t> both tha parallel and perpendicular conductivity decrease sharply 
due to the decomposition of the dolomite and evolution of CO^. 

When a subtcxrajtfMia oil shale fiaunatian is hearted the oil 
aha Lb expands as the tcn^erature Increases. When the oil shale 
teit^urature reaches a fcercgen pyrolyzing tcn^srature {for eocaanplo, 

25 fran about 27S-325 *C) cdditional expansion farces axe generated* 
Vhc kerogen is <xa3vextc<1 to fluid* capable of occupying a larger 
volume than tha ketoean, and such fluids beocne increasingly 
pressurized when tfce teepexature is increased. As more fluid ie 
£ornttd and mare fluid is heated, hydraulically Irvdoced fraorores 

JO Com within tfco oil sfaalQ £onrotion. 

Practuices *ftich are lydreulioally induced within subterranean 
earth formation* fdra along planes perpendicular to tlio lease of 
tha three principal cxaB^reeeive stiesses (i*e»/ one vertical and 
two mutually perpendicular horizontal compressive stresses) >*uch 

VI exist within any subterranean earth fuuaLLan. However, where the 
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hydraulic fracture* tend to bo vortixAl, horizontal fractures can 
ba formed by irjjtojting heatpd fluldo co that the wall* of the 
vertical fractDTCO arc Iwated untiJ they swell shut. Than, by 
Liwrcasiiig the fluid injection pre»«uiB to greater than owarbunlwi 
pressure, a horixontai fracture can be formed, Such processes for 
thermally inducing the formation of horizontal fractures by 
injecting externally hooted art pcrescuri26d fluid* ate described in 
patents such as tlie aba*e-n*otixroa US Patent Ho, 3,284/281;. U$ 
Patent No* 1,455,391 by C.S. Matthawe, P* Varaeara and C.W. Vblek, 
And US Patent Nb. 3 p 61.3 f 785 by P.J. Cloeuwjnn* 

Applicants have now d Uo jviiu.ed that when substantially 
iitpemaW e »*>terrafjean oil shales having tbc prssantly spaci£ied 
ccnblnation of grade and thickness tree ccziductively heaoad a* 
presently spuzified, a tots of pamcability vu eeweicped between 
wells within the oil shale. Although the present invention is not 
premised on any particular neckaniai, in the oourse of such a 
trc&tttecrt the heated oil shale behaved as thnogn it was subjected 
to the abo\*a-dasoribed type of process for tharsally inctacing the 
formation of horizontal fraotares. Such a behwiour was not 
predictable, since tha prHeent process is opar&tttd without any 
injection of any fluid. It appear* that when the p re je n t process is 
operated within an uqaarroeable oil shaL» r the in odtn genera corn 
and dt placement of haarted and highly pressurized fluids occura at 
the tinee and to the extents needed to successively extend and 
horiEootally fracture through successive portiona of the oil shale, 
when those portions becore condoctively heated. The zone being 
heated appears to undergo a relatively unifano, horizontal/ radial 
expansion through the oil shale, at tfce rate set by the thermal 
coiductivity of the oil shale, m each duccanive location in which 
a Xerogen pyroly2Jb^g te«|*rature is reached, fluids appear to be 
formed, heated and pr&ssurized bo that substantially a)iy vertical 
fraL-tures vthich are Formed within tha heated zone are Subsctnuntly 
converted to baricontal fractures* 

Applicants' tests indicated that substantially ell of the 
fluid pyrolycis products of the oil shale bended to remain in or 



near du> lirationa i* which they were fonTnad until they were 
displaced r through substantially horizontal fractures, into vy>11& 
adjoining tbo ^iaat-izviecLang wells. In addition, the fractirre- 
i/iducijig pressure of fluids in the I^oriitotTtai fractures appears to 
5 haw* bwm jiedaced as those fluids expanded and were cooled as ttey 
racved away rroni tha hot teat portions of tha baatad zone. 

<rto, the pnnt precox seera to indrese the rovijvj of a zone 
u± terogen-pyrolyzijog temperatures through tha oil shale 
iintediately behind a ran* of localized fxnnturing in which tha 

10 fracture* arn, or soon become, hcarizontal fracturea, "Use heating 
and fracturing Ecrae seen to UDderga a substantially uniform, 
horiiontal, radial atparaion bhrou^b tha oil shale, until tha rone 
of fracturing roaches a location (sacb as tha borehole of a 
production wall) frcro wiiich tha oil stele gfrulyaia products art* 

(5 withdraw. 

In ad diti on, applicants have discovered that, at least wham 
the overburden pressure ia anall, the zone of permeability that ia 
created between adjacent Mall* retains a significantly high degree 
of permeability after the tarnation* have cooled, Thua it appears 

20 that/ ovan if tha overburden prw&axm ia high, an a^licatian of 
the present process ia capable of forming a weai-i fi to ianu lecting 
zctw is which the permeability rerains high or can be readily 
restored by an injection of fluid after sane or all of the heat haa 
disaipated* And/ the eagre* and location of that peccability can 

15 be controlled by controlling tha rate of removing ^i™*? froni the 
producing walla. 

The date ctotaiued by sraurenercte iu field testa of the type 
described above ware iitcloaive of: the thexnal conductivity of tha 
oil shale XuuuaU m, the amount at oil recoverable by Fiecher 

3U analysis at varioua depths xithin heated intervals of the oil shale 
before and af tor huttting, the neasuraoaot of toe aoDoant of 
pyrolyels products recovered, and the like. While no oenramicatica 
oxlatad between heat in^eotora and pr odu cers at teat start-up, 
injections crt the end of the teat derccQBtrated that pexroabie 

35 chanocLa had fionned* Bw results of standard engircerin? 
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calculations were JjxJiuats.vw of the applicability of a 'joncept of 
the type Ascribed above to tha msulte obtained by tha teata. 

PigniTB 5 is a ^TAph of Piactwir A<:oay yields, £tfuu& the tare**: 
zanz in the field newt* as a function of dftpth 0, f Ube heated 
interval oatanded from 4.2 to 6 w. Hie wjlid curve show the yields 
hHfot^ the heating trwrtrwint and the dashed curve rbotm the yieldo 
arter retorting uas conflated, *nne yiolds bafbrv and after w»to 
osswitialiy the xm* outfiido tito beated .interval. The mcasurcttcntii 
were mate oa octree front the centre of tha pattern before heating 
ard on coxes about 15 an away after heating. The variations which 
are apparent in thosa yields are within the normal limita of 
accuracy for tha nwauring of 'iuch valuer 

Nichin tha b&atad interval tho Fischer Assay yieJid rJrops frc® 
on average of 20 gallccw/tnn- before the t&st to less than 2 
giilluna/ton a f tsar heatlfig. Tim retorting efficiency within tha 
process acne mm thus better than Hi of Faacher Assay. 

The pattern and extent of tho recovery ocnfirnw the fact that 
little oil was lost over the producing liorlzoa through vertical 
fractures, in addition, the uniformity in rotorting efficient' 
through the heated zone, indicatee that thermal fronts ware 
appraxiinflrtely uniiorja over nest of the heated interval* 

The uniformity of the thermal fronts is even more apparent in 
Pigare.H 6 and 7. nhey show horizontal and vertical tenperatuirc 
profiles calculated for a «et of vertical heaters in a five-spot 
square pattern. Tats set uasd in tf» oalculatiot» included four heat 
inventor* and one oantra prodooar (not showi, but centorod between 
the boaters j&omi on -the ftgnree) . Each heater uas aasuned to be 
?A to long and heated at the rate of HI A W/m> 

'i!he profiles in Figure f> (graphs of tenrporaturs variations 
with dia±axicB9 frcn the heaters) vaxm calculated along a horizontal 
awjuoot I^lj which axtenda through this oddhpninra of heaters at 
npposice cornara of the aquare* Figure 7 is a Mnri Mr cjraph ox 
profiles along a vertical Augment I^lg on the axis of eyottefcey of 
the pattern. 

Such calculations, indicate that by the tin* retorting 
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tsnperature-i (275-32,5 °C) art rracfaad at tha centre of the ixrttern, 
ucrc than 87% of itn volume has boon ourrvurtud while only frixut t« 
of the converted volixnw was heated to more than 325 *C Purtherncre, 
the calculations indicate that i.f tbe power is turned raff or 
reduced be tor « ths osntrv reaches a taxeptt tetrpcratute such as 
3145 *C f th© levelling Off Of tba tbarnal finonUS will Still baat t>» 
centre oL tha pattern to retorting traperaturev axv3 will also 
rectaos tha tea?jer«tnr» ri*a at the houfcora. lias mode n< operation 
can ensure that Icsa than 10% of tha heated volusro is hooted to 
note than 323 *C, and thus cao JLocxeaaa tiha thermal efficica^jcy of 
the prccefiu. 

In view of tho iibova teat j^Rul.ts and the calculation* haned 
cm thoaa results, it appears tfcwt, coBtxa to the prior teachings 
and baliqfa, tha initial jjBpttnronhility of an oil shale deposit can 
ba utilised as an advantage* Tho initial iscaxiiBability oarcfir»s 
the fluids and £ractnx*» within the wsll pattern, aince no 
parroabUittf exists until the son* between the heat-injectio^ and 
floid-prtaiucizj^ \*»lXe becare parjtfiated fay a pattern of heat- induced 
horizontal frsctoree- 

in tho present poocaee, the rate at Which hast is transmit tad 
into the oil shale deposit i* atrcnoly affected by the tercporwtur© 
gradijant between a heat-in jectiog well and the surrounding earth 
fomution. in a preferred procedure,, tha detemiiiationa of 
variations ffith depth in tha coopoaitian and properties of the oil 
ahale depoeit. include a dotorml naHnn of the pattern of heat 
conductivity with depth within the earth faxRatlons adjacent to the 
heat-injecting wU. Baaed on such datarndpatiaos the tenperaturee 
to Which at least ana haat-irrj ecting well Is heated ana arranged to 
ba relatively high at the depths at which the hast ooDdoctivities 
of tha adjacent eaxth formations arc relatively low* Tfcia tends to 
oau&a the rata at which heat i* transmitted through tha eaxth 
Carnations to bo sttetaoti&lly anifbxn along the axis of tha 
baat-tTr}eccing veil. XRoun prooadnxe* can be utilized in order to 
provide higher texperatores irt lxxrtiona of beat injecting wells 
adjacent to earth formations of relatively low heat conductivity* 
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For example, in vails which are baing halted by electrical 
resistances, additional resistant elements can be ponitioned at 
the location at «bich extra heating is required, preferably with 
precautions being taken to avoid the creation of "run -aw ay hot- 
-pots" due to increasing taitparature further increasing the 
resistance and thus further increasing the heating, for example, 
aa described in the commonly assigns* Canadian patent application 
Serial No. 495,854 Iliad November 21, 1985, by P. VaoHeuxs and 
C.F* Van Rgmocid. In walls being heated by combustion* more, or 
larger, or mora heavily fired, burner elements can ba positioned: 
in such location*. 

Suitable determinations of competitions and properties 
of tha mineral* ami/ or organic components of an oil shale deposit 
and tha variations with depth in such properties can be wade by 
means of known veil logging, reservoir sampling, and tha like 
analytical procedures. The determinations can utilize previously 
measured geophysical or geochemical data or laboratory or core 
analyses, etc, for axanpla, the variations with depth in the heat 
conductivity of the adjacent formations can ba determined by 
calculations based on tha kinds and amounts of materials present, 
and/ or by thermal conductivity losing meaaurenentSr etc. us 
Patent Ho, 3,S07 r 227 describes a logging tool containing a 
constant output beat source and three temperature sensors for 
obtaining a log of relativa thamal conductivity with depth, US 
Patent ffe. 3,692,129 describes logging cased or open borehole* for 
temperature, specific heat and tharaal conductivity, employing a 
constant output heat source and three temperature sensors. U9 



Patent Do. 3,864,96$* describes a logger Cor making station 
raeaeu reman tt ot? thermal conductivity by heatintf a formation Cor & 
tin* tnao measuring ta« rate at which the temperature decaye back 
to tbe ambient taop«tatur«. Uti Patent So. 3,9*1,187 doeeribaa 
logging ttierffal cooductivity of & cased irall by measuring the 
temparatura of the casing wall before and aftar panning a hoatdd 
probe along the wall. 

Aa indicated above, oven with respect to a five-apot 
pattern In vfaich a aioglo f luld-produoing wall Is surrotindad by 
foux haat-iojecting valla, eabetantlally all o£ tbe intervening 
oil 
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shale can bo both retorted and uucte r»nnaabla. However, uHb present 
invention ia preferably arplrtyod in a xucivu oi cintigiras saven- 
or thlrbecn-scot patterns — in cither oi which patten« 
(particularly in the thiiteenrspot pattern) the retort lug rata is 
5 significantly incransad by having each fluid-pro^UCing well 
surroundec! by six or twelve heat- injecting weiLls. 

The wells used in the profit vt proeessi can ba ecwplHfcad by 
msbetantially any matbnd for <SH 3 3 ii*gg a borehole into &nd/or 
opening «i pre -tainting borehole into fJutd ocraamicaticn with the 

10 subterranean oil shalii lontotion to be used as an oil shale 

f-raateent interval. In addition tvo ] wiving the specified obswnci* of 
significant amounts of imbile water * fchjcfcnese, and grade of oil 
shale, the interval to which the pr esent process is applied should 
be capable ox confining fluid at least Rubstantially within the 

13 treatment interval, at least in respect to allowing no significant 
leakage into overlying locations When the pressure of the fluid 
reach?.* process pressure, and fractures the formation within the 
treatment interval. Tb» boreholei! of uelle craiplefced Cor u% in the 
present process should to substantially parallel and separated by 

W substantial ly equal dlsrtanees of at least about 6 jo. DareJtoIe 

ssparatiun distanoas batwaen injectors and producers of front about 
9 to 30 m are particularly suitable. Bor&holes free of deviations 
from parallel, which cause variations of more than about 20 per cent 
of the w?ll distances are particularly suitable. 

25 m the heat-Jrgecitfng wells used in the present process, the 

ccsoent or ottnant-llto rtAfcerial which is used to seal along the face 
of the oil shale forrnaticn is preferably relatively heat^condnct ive 
and Aubstantially f 3 uid-inparneabLe . Particularly preferred cements 
ara stabl* at tsapet&tures of at least about 800 °C, have a 

* J relatively hixjfa tharnwl conductivities, relatively low pajcaad>illty, 
little or no shrinkage, an adequate ease of pun^ability and good 
chmjcal resistance, etc. Ths pexroabUxty awd disposition of the 
sealing material should provioe a seal capable of preventing any 
significant aeoxit of fluid flow bebxeen the interior of the 

'■ft borehole *nd the face of the oil shale formative, ao that the 
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traiutfer of heal; frcsn tJx> irfull to the fornnticn in substantially 
wntiraJy hy conduction, tfbcjrc portions of the lieat-iniacting wall 
borehole are HffwtJveJy increased in diasnctcx near upper and lower 
cxtronitl^a of thu treatment interval, for example, )>y under- 
5 re awing, the dlaawtars or tha incrf»*Bd portions are preferably at 
least about 110% of Lbe ncounal bcrehdH diameter* Calcim 
aluairata-bonded concretes and/or camanta containing alumina- 
siliisrta aggregates Cor fine parUcJ.es) are particularly ^uttablo 
for use as such fonurtian facg-aealing flHterials, i^cacpqp.lj&^ of 

10 suitable cements and ooncretes include those deacribed in US 
patent* such as 3, 379, 252; 3,507,332 aod 3,395,642* 

Figure 8 shears a portion of a hcat-injccting well lxirfchola, 
borehole i, which ia suitable fox use in the present invention and 
13 located within a trOBtmant interval of subterranean oil shale 

IS deposit. Tfereholc 1 ocnt&ina wnlorgwd particne, *uch as partiarta 2 
and 3, which can be fenced by conventional procedures such && 
undorrvrtming during drilling/ etc. A. casing 4 is shown positioned 
within the borehole and nairarnhart into place with a fluidr 
iirpenneahlo> IvMto-condactlve Material, such aa nranrrtt^ 

20 within each enlarged borehole portion, tho casing 4 ia 

equipped with at laaat on« hwt-cenductive metal element, soch as 
collar 6, oamtaining radially extensive elements or penrtio^a, such 
as flexible metal tneitfeers 7. Bach hc&t-sMnduetivo material* torn 
relatively highly conductive pathe finr conducting heat frcra within 

23 the- interior of a bore hold to substantially tha wall of an enlarged 
portion of the borehole, Examples of suitable heat-oondaictive netal 
Rlementa include cnatal wall acratchexa, tnrbwlepce inducers, 
oentralisers and the lite such as a Haranar-lok rurbebonder, or 
Boltlok T Mrhtdmfc r, available from Bakerline division of Baker OU 

JD Toole ox a 101 Bar 8 occrtrallztir av&il&hla- fron Actalopa Oil Itool 
a\v* Mwwtacliuring Coapany, etc. 

with an maiyawt of the type shown in figure 8, at least to 
aonae extent, the front of heat traoaaittad away frcm a heat- 
in jeeting well am be mode none lmifnra along a vartical line 

35 traversing a layer of relatlvaly lev heart conductivity without the 
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necessity of waintatnitig a higher tanprnrotiM in the portion of the 
well adjacent to that layer. Whan a uniiouo tastopwtsitura ia 
Maintained within the interior of the borehole, the earth fhruHtion 
face- along *uch an «nlarg»d portion of the borehole beoewtes heated 
to substantially the sou* tssperataxe as th* fovraaUoa face along 
narrwer portions of the borehole. S*nc» tta face of Che formation 
adjoining the borehole is haatnd to the highest ten^eretxire of any 
portion in tha fazmation, the temperature gradient ratsodij?? 
radially away from the enlarged portion of the fcoxo-bole in shifted 
radially away fron tha borehuJ*» 

in general, the heating of tha Interior of tha heat-injecting 
well can ha accomplished by substantially any typs of baeti^g 
device f such as ca&uaticn «nd/or electrical type of hcatincj 
oLements, or thee lika. The bast-trig element stoold extend 
substantially tlTrcughcut thfc treatment interval (preferably 
throughout at 3f*wt about t»0 per cent of that interval) - <feare a 
caticufftion type heating tlaoent is used, a gaa-fired heater is 
prnXerred. Tha fuel and oxidants for a confeaatico heater (such as 
methane and oxygen) aro proiarably supplied trough separate 
conduita leading through a heat exchanger in whiish the 
fluids are heated by the outlawing coatastion products* Tbo burner 
liousing and fluid conduits of a aosbuation heater are preferably 
installed v/ithin a wall conduit vfcich is surjawnded by an annular 
apacc that ia filled by the cenent for sealing the face of the oil 
Ghalo. Generally suitable type* of ccRbuetion headers which could 
be arranged for use in the preeaait process are described in CIS 
Extents such ae 7,670, B03| 2,780,450 and 2,902,270. 

pj\ electrical resistance hooter is pexticulardy suitable for 
beatific; tha interior of a haetHurjecting well in the present 
process. A plurality of resistance clsasats are preferably need. 
lhe meistance eJenentai can be Bcunted within or external to an 
internal conduit or cod, or sdaply extended into the borehole. When 
tun resistances ore external t», or axe free of a supporting 
■latent f such as a conduit or rod, they are preferably encedded in 
the cement wiiicb seals the faca of the oil tfhal* along the 



ticataanfc interval, Generally suivablo types of electrical heater* 
which ccuid be arranged fcr 009 5n the present process are 
. described m US PatoitSi SUA <u» 2,472,445f 2,sB4,06.1 ? 2,670,802? 
2,732,195 aovi 2,954,826. 
3 In various reservoir situationa, portions or at triJ. Hhalrt 

depoiiit which would, in general, he suitable far uue ate a treatment 
interval r as <fattcrib«d in cur parent anp)jcatdoD, may bo p&rn»utBd 
by natural fractures and/or plar«K of weaXnem. Guch relatively 
weak rocks may urjdergo relatively long extensions of vertical 

10 fracturea whan preaaurized fluids teing displaoeJ aMey fron an 

injection wall nov* into ttma^ Thin may result in extending fluid 
pisiiageways Jjcycrod tJu> openings into production wiU* ancVor into 
adjacent aquifwrs capable of erasing an inflow of water to bo 
extant dHtrimantal to tfhe oil recovery process. 

JS fl& oava iiuw diwjovered thcrt each prenttture fracture e* tensions 

can be avoided by drilling and hunting "guard walla* within such 
relatively weak oil sfcalo zones in locations surrounding a pattern 
of hast injecting aM fluid producing vnlls and/or in location* 
iirtcrndttent between a heat injecting or fluid producing well aud 

w an adjaomt aguifiar. Such guard walla ax* used for oanductively 
heating Uie edjoiniJig farmatlot jq flufaatnnti.il ly t htuijhunt the oil 
<*>iale interval bo be treated tx> a tcapearataxre vhich ±0 too low to 
gasify significant p iupui tiflre* of the oil shale organic components 
but is high enough to cailfitt a ^gnificant thermal expansion of this 

25 rock*. tflian. thom rocks are heated the natural fractures ore keyt 
closed and tha fracturing caused by the approaching pressurized 
f3.iiid*i (displaced away from ]«iat-in}ecting walls) bends to ba 
limited to horizontal fractures concazxtratBd along tha sides nearest 
to the heat-in^ecfctTig welljs. Hber© fluid producing uaUa are 

30 lec&tod substantially between tba heate- injecting well* and tbs 

guard wells, the fractures arc preferentially axbaodad into thoaa 
wells, where the high fluid pressures are quickly xaducad by tha. 
production of the Inflowing fluid. 

Tim e nmunt aring of such relatively weak reservoir recta is 

33 apt to be indicatadl by an inflow of water into v?2 la drU led .into 
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such xocfcs* D3 gaaral, tta natural flttetanm crnatincr o relative 
wwOcness aM/or vntar inflow can he thoroftlly cIooaxJ by a 
mlativaly mild b»«ting, a* Lcog an tho txactaro porosity is cot 
more than about 5 pur cntt* 
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C ft A I M S 

1. In a proosss in which oil is procharad fira a subterranean oil 
j*al# daposit by extending at Luaat one each of heat-injecting and 
fluid-producing wlls into the deposit, establishing a hsat- 
conductive rluidVixapeocneable barrier bstw«n the interior of each 
hoat-injecting wall and the adjacant deposit, and than halting due 
interior of each heat-injecting Vttll at a tacparatoni aulrdciett to 
uctnductively haat oil shale toerogaa and cause pyrolysia product* to 
foxa fractures within the oil shale deposit through which the 
pymlysia products aro dltylaoad into at least ona production wall, 
an inyrovement for enhancing- the unifonsity of the hast fronts 
raovin* through the oil shale deposit, tfoicfa emprises i 

dstsxBrimng variationa idtJi deptti i» the ccr^ositjou and 
properties of the oil shala deposit? 
cocnpleting said haate-injecting and fltrid-prcducina M»llt 
selectively into a trcattaont interval of oil thala in which 
the oil shale deposit la) is at least about 30 n thick, (b) is 
substantially ijapaxtsaabla and free of fooblAe vater, (c> has a 
ooopoaitiOQ and thickness such that the product of the average 
Fischsr M*ay grade times the thickness of the treatment 
interval is at least about 900 , and (d) thereby containa 
ooaponents capable of intoracting in a xoanar snhanciog tha 
unifotndty of a front oC oondacttvoly transaaittod haat, with 
said wells being arranged ao that, at least ei&staxctially 
chrcughaot said treatment inoerval* the well boreholes are 
substantially parallel and are aepnrntart by aobstantially 
equal distanosfl of at least about 6 ou. and 
within the interior of aach haac-injecting veil wsdntaining an 
arrays taspaxstuxv idtioh r selectively along said treatment 
interval, is at least about 600 *c, hot is not high enough to 
thermily darage eojslpaaftt within the well, unite heat is 
being transmitted amy fron the vail at a rate not signi- 
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ficently faster than that permitted by the thactal con- 
&JCtivitd*» of the earth taiKwtiurui od]*uent to the heated 
±ntnrv*l within the wbU. 

2 . The process of claim 1 in which, to the extent required to 
keep the rata 4tt w*uch heat is trananittatf thrcogh tfte oil sfcale 
deposit 9JbBtA£rtlally untiotab along thu oxa* of the hooted inter/aU 
of the Jieac- injecting vjbII, the trtperatura at which at 

least one heat-injecting veil is heated la relatively higher at 
depth* adjacent to portions of lbs oil shale deposit in which the 
boat conductivities ore relatively lower, 

3. She process of claixt 1 in which the rate u£ heating the 
interior of at least era teat-injecting well la varied to an csteot 
causing art effective levelling off of die thermal front: «© What the 
rata of advance through the oil shale of the tharnsl front in 
oontlisQed at o^staxtlally the- szoa rate while the rata of increase 
of the t^epyrature within the borehole is si^pificantly rodnced. 

4. Thm pxooess erf daijD 1 is which the heat-injecting and 
GuidVpcoducing wells are arranged in a aeries of contiguous 
patterns io which each flirid-produdng veil is aurrojfldad by at 
least four bsas^iirjecting wells. 

3* the prooaee of clai» A in which «ch fluio>p»o*icing wjbU is 
sorrouoddd ly twelve heat-in jesting well** 
6* tft* process of clain 1 in which the oil toalc grade Is at 
least about 20 gallons par ten and the graderthictaess pro&jct is 
at least about 4500. 

7. process of claim l r ecsprisido the stops of 

in each hest-injectino well » ^totentially throughout the 
trestoent interval, scaling the faoo of the oil sbals fonneticD 
with m solid xnsteriel wtxLch is relatively hftat-coodoctive and 
substantially fluid lyperreablej 

in at least ona heak-injecting veil increasing tho effective 
dijeieuer of the borehole in at least one portion of the treatment 
jjTberVol and e tth a aHn q at least nam tieatr oo uaa ctive isrtal els/ienf 
£rcn within the Intarlnr of tho borahola to naar tho face of the 
oo-onlart|ed portlcD of tba borehole? end 

in each thJioHproduolrig well, rabsfcantially tbroxjghout the 
tmtOBit intervals establishing fluid oswejrdcatijcn batwsen the 
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wit bore and the oil shale fanwHon and arranging cha well for 
producing f Juirt trow ibe oil shaia fonoacion. 

EL H» procus of claix 7 in *hich tba rnvtaociai saoling tha fiaja 
of Our oil shale formation along th» barabola of a tawrt-in. >ottpg 
3 veil is a oeoifiiA arranged to fill substantially all of the opace 
betwro the GUtartttfrt aatallic wlatatmt* within tfco interior of the 
borehole and tha taa* of the oil sNOj© foxnwtfoo, viOv saM oenwnt 
having a thftjawjl conductivity at Jeaert «v*»tant.ially aa high as 
that of tho oil tthalfii fcoeraatioo. 

(0 9. 'die prcceaa of claia L ui ufcich at leaat. ore wall 1 orated near 
ao edga of a pattern of beat- Injecting ana fluia-procSuciag walla Ik 
axt&tt&d substantially Uttouqhout tfaa tnaotraant intarval nod haiftad 
at a tffiiperttturtt Vxi^i «njcgh to anuaa a fhannal «H>ao3ing And/ or 
compressive stressing oi the- adjaoant sartfa formations bat low 

15 enough to avoid significant thsxnal rooblliTation of or^mic 
CQDpartsnts of tbtt oil abaiu. 

10. The process of claim 9 in uhlcb at least ona so heated well la 
subsequently b&ated at about the ta y ar afcur e selected for the 
floating of tha hMfc-lnjectiog walls being enployad* 
20 1U Vhm prooeaa of clam 1 in which tha wall hnratnla* of said 
haat-injaytion and fluid prorinxrig wall* &i» saparatfid by 
substantially equal diotancea of about * to 30 m~ 
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shala oil id subsequently prod u ood £re» a avbtorraun 
interval of oil shala, vitane tJw interval is initially 
substantially fagan n aato Xa and contain* a pacified grada and. 
thickness of oil ^ala- Said interval in condoctfcaety heatad from 
boraholtt inrtariora utoicb are leapt hotter tfaao about 600 *C and ar« 
hcatod at & rate such that kerogsn pyrolysia prodecta foamed within 
the- oil ebaia craat* and flow thmtqh horizontal fracture* lyhich 
subaaouaotly faaocno eg te nded into fUild-pgoflJclrig \?oll3 that axe 
petitioned in gprif<«1 location** 



